The purpose of this study was to determine the microbiological air quality (psychrotrophic bacteria and airborne fungi) and distribution of fungi in different types of ready-to-eat (RTE) food-storage refrigerators (n=48) at selected retail stores in the city of Edirne, Turkey. Refrigerators were categorized according to the type of RTE food-storage: meat products, vegetables, desserts, or a mix of food types. Microbiological quality of air samples was evaluated by using a Mas-100 Eco Air Sampler. Four refrigerators (all containing meat products, 8.3%) produced air samples with undetectable microorganisms. The highest detected mean value of airborne psychrotrophic bacteria and fungi was 82.3 CFU/m 3 and 54.6 CFU/m 3 , respectively and were found in mixed-food refrigerators. The dominant airborne fungal genera found were Penicillium (29.0%), Aspergillus (12.0%), Mucor (9%), Cladosporium (8%), Botyrtis (7%), and Acremonium (6%). By definition, RTE food does not undergo a final treatment to ensure its safety prior to consumption. Therefore, ensuring a clean storage environment for these foods is important to prevent food-borne disease and other health risks.
INTRODUCTION
The microbiological quality of air is very important to ensure the safety and quality of food during both production and storage (5) . Airborne microorganisms can arise from many sources including air-conditioning systems, raw materials, and specific food production systems (3) and commonly include the propagules of micro-and macrofungi (31) along with bacteria and their resting spores. Airborne microorganisms can be electrostatic and have been shown to stick to and deposit on surfaces (48) and growth of these organisms can cause contamination in the air of refrigerators via aerosol formation (40) . However, the extent to which airborne microorganisms inside food-storage refrigerators contribute to food contamination is largely unknown.
Temperature is an important factor in the growth of microorganisms. The practice of storing food at refrigeration temperature is common for controlling the growth of *Corresponding Author. Mailing address: Food Technology Programme of Vocational High School, Faculty of Veterinary Medicine, Istanbul University, 34320 Avcilar, Istanbul, Turkey.; Tel.: +902124737070-17300.; E-mail: sandikci@istanbul.edu.tr / vet.sema@hotmail.com psychrotrophic microorganisms, some pathogens, and maintaining product quality (34 (16, 47) .
The objectives of this study are to investigate the incidence of airborne fungi flora in different retail food storage refrigerators (meat products, vegetables, dessert and mixed foods) using active air sampling and to determine the association of temperature with the population of psychrotrophic bacteria and airborne fungi.
MATERIALS AND METHODS

Sampling procedure
During 
Microbial analysis
The number of psychrotrophic bacteria and airborne fungi 
Statistical analysis
One-way ANOVA and Duncan's multiple range tests were used to analyze microbial counts/m 3 air and temperature.
Statistical estimations were performed using the Statistical Package for the Social Sciences (44) .
RESULTS AND DISCUSSION
Food-borne disease and food poisoning are common throughout the world. Both of these public health problems and the microbiological spoilage of foods can be minimized by proper storage, the careful choice of raw materials, and proper food preparation (22 In our study, the dominant airborne fungal genera was
Cladosporium (8%), Botrytis (7%), and Acremonium (6%).
Other significant fungi identified were Rhizopus, Alternaria 
ECO air sampler
Penicillium is isolated frequently from both air and surfaces in food processing areas and was the most frequent genus found in meat and dairy products (40, 43) . In this study,
Penicillium species was detected most commonly in refrigerators containing mixed products (31.4%) and meat products (29.4%). In addition, the dominant species, P.
italicum, was isolated in mixed-food (81.8%) and meat refrigerators (18.2%). Blue mould, caused by P. italicum is among the most economically important postharvest spoilage organisms, which affects fresh vegetables and other foods worldwide (29) .
Aspergillus ochraceus, Aspergillus flavus, Aspergillus
niger, Aspergillus terreus were the most common species from the Aspergillus genera found in mixed-food refrigerators.
These moulds may cause invasive aspergillosis in immunocompromised individuals (16) . Additionally,
Aspergillus ochraceus is associated with Balkan Endemic
Nephropathy (8) .
In this study, Mucor racemosus (62.5%) and Mucor plumbeus (37.5%) were the dominant species of Mucor genera and are associated with spoilage of cold-stored vegetables, cheese, and meat products (36) . We also found Botrytis cinerea, a common spoiler of fruits and vegetables.
Many species of Cladosporium are distributed world-wide and commonly found in air and indoor environments including food processing area (16, 41) . In our study, Cladosporium species were found in a total of 14 air samples, mainly in refrigerators containing meat (57.1%) and mixed-foods (28.6%). Acremonium was also commonly found in meat storage refrigerators (40.0%). Airborne Cladosporium and Acremonium have been isolated from meat processing areas (33, 43) , indoors (9) , and other food processing areas (23) .
Health effects caused by exposure to fungi and the role of fungal metabolites have been the focus of increased attention (38) . Various species including Aspergillus and Penicillium genera are often associated with allergic symptoms of the respiratory system (17) . Concerns have been raised about exposure to mycotoxin-producing fungi (Aspergillus flavus, A.
ochraceus, Aspergillus terreus etc.) in indoor environments, food production area, and food-storage areas. In addition to these genera and species, Alternaria alternata isolated in the present study (n=8) is a potential mycotoxin producer.
Mycotoxin producing fungi commonly found in the air of refrigerators include species of Aspergillus, Penicillium, and Alternaria (4, 8) . All of these genera were found in our study.
Byssochlamys nivea, also found in this study, can produce patulin and has been reported in foods from Turkey (7).
Mycotoxin-producing fungi can easily become airborne and mobile and their spores are hazardous to humans and/or animals (32).
Temperature control is important in restraining the growth of psychrotrophic bacteria and pathogenic microorganisms (Listeria monocytogenes, Salmonella sp.) in foods (39) .
Generally, microbial growth is related with increasing temperature. (45) . According to several studies on refrigeration temperatures, a wide percentage of retail and home refrigerators show temperatures above 4°C, a temperature that prevents most microbial growth and is recommended by many ready-to-eat food producers (9, 11, 12, 20) . Similarly, WHO (46) recommended the storage temperature of foods at a maximum of 5 °C in refrigerator. We also found that the mean temperature of the sampled refrigerators (Meat= 5.3 ± 0.2, vegetable= 6.1 ± 0.3, mixed foods= 5.9 ± 0.2, and dessert= 5.2 ± 0.2) was above the recommended temperature. Garrido et al. (19) has reported that a drop in temperature is important to retard the growth of pathogens and other microorganisms within the shelf life of product, especially once the product is purchased and under the responsibility of food producers or consumers.
Ready-to-eat foods are products that do not undergo a final treatment to reduce microbial load before consumption.
Therefore, these foods should be stored at the recommended temperature (≤4°C). Even at proper storage temperatures, some spoilage-causing or pathogenic microorganisms grow at low temperatures and lead to reduction of shelf life or affect consumer's health (27, 45) . In this study, we found that the mean value of psychrotrophic bacteria and airborne fungi was relatively low in air samples taken from refrigerators containing ready-to-eat foods. Even so, many potential allergenic, pathogenic and mycotoxin-producing airborne fungi were found.
Finally, consumers' awareness regarding the microbiological safety of the food is important (11) . Many consumers believe that food safety is the responsibility of food manufacturers. This belief has significant implications for public health initiatives to educate and inform the public in matters relating to procuring, storing and preparing food in a microbiologically safe manner.
